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Abstract

Traumatic diaphragmatic injury (TDI) is rare and is most often the result of a
traffic road accident (TRA) or an assault. We initiated this study with the
aims of determining the epidemiological, clinical and therapeutic aspects of TDI
at Gabriel Toure University Hospital. This was a retrospective study from Janu-
ary 1999 to June 2021 that included all patients who presented a diaphragmatic
injury consecutive to abdominal and/or thoracic trauma. In 22 years and 6
months, 46 cases of TDI were collected. They represented 0.17% of hospitaliza-
tions, 0.26% of surgical emergencies and 5.5% of thoraco-abdominal traumas.
The average age was 31.69 years with a sex ratio of 3.2. Criminal stabbings
accounted for 56.5% and TRA for 19.6%. Penetrating injuries accounted for
78.3% of cases. The parietal lesion was thoracic in 21 cases (45.7%), abdo-
minal in 19 cases (41.3%) and thoraco-abdominal in 6 cases (13%). The chest
X-ray, performed in 15 patients, showed an intrathoracic gas bubble (4 cases)
and hemothorax (6 cases). Diagnosis of diaphragmatic lesion was preopera-
tive in 21.7% (10 cases). The diaphragmatic breach was on the left side in 65.2%
(30 cases) and the average size was 3.17 cm. Laparotomy was performed in
89.1%, thoracotomy in 4.4% and thoraco-laparotomy in 6.5% of cases. The sur-
gical procedure consisted of reduction of the herniated viscera in 15.2% (7 cases)
and closure of the diaphragmatic breach with non-absorbable sutures in 82.6%
(36 cases). Chest tube drainage was performed in 73.9%. The average length of
hospital stay was 9.8 days. Mortality was 13.04%. Conclusion: Traumatic di-
aphragmatic injury is rare but its frequency is increasing in our country. It most
often affects the young man victim of assault or TRA. This type of trauma is
rarely isolated; you have to think about it in case of any thoraco-abdominal
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trauma. The treatment is surgical. The prognosis depends on the severity of
the associated lesions.
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1. Introduction

Traumatic diaphragmatic injury (TDI) is a rupture of diaphragmatic continuity,
often associated with an intrathoracic herniation of abdominal viscera. It is rare
with an incidence that varies between 0.8% and 5% of abdominal and/or thorac-
ic trauma [1]. TDIs are most often the result of a traffic road accident (TRA) or
an assault by firearm or stab [2] [3].

The preoperative diagnosis of TDIs is a challenge due to the absence of specif-
ic symptoms. Computed tomography (CT-scan), which is the imaging of choice,
is not always feasible in an emergency. Imaging visualizes the herniated organs
but more difficultly the rupture itself. The discovery is therefore often intraoper-
ative (40%) or late (20%) [2].

The treatment of diaphragmatic rupture is surgical and laparotomy is the ref-
erence surgical approach. Diaphragmatic wound is repaired with separated non-
absorbable sutures and chest tube drain is inserted. Closure of a major diaph-
ragmatic defect may require placement of a non-absorbable mesh [2]. The prog-
nosis depends on the severity of the associated injuries, mortality of trauma vic-
tims of TDI is estimated between 8% and 60% [2] [3].

In Mali, a previous study (1999-2015) reported an incidence of 3.7% [4]. How-
ever, the present days, characterized by the resurgence of attacks and armed con-
flicts and the increase in TRA linked to the development of transport means,
justified this study, which aims were to determine the epidemiological, clinical

and therapeutic aspects of TDI at Gabriel Toure University Hospital.

2. Methods

This was a retrospective study from January 1999 to June 2021, carried out at the
general surgery department of Gabriel Toure University Hospital. The study in-
cluded all patients with diaphragmatic injury following abdominal and/or tho-
racic trauma who have undergone surgery in the department.

The data studied were: hospital incidence, age, sex, circumstances and me-
chanisms of trauma, clinical and paraclinical findings, therapeutic aspects and
post-operative outcomes. Data were collected from medical records, hospitaliza-

tion registers and operative reports.

3. Results

In 22 years and 6 months, 46 cases of TDI were collected. They represented
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0.17% (46/26,173) of hospitalizations, 0.26% (46/17,404) of surgical emergencies
and 5.5% (46/840) of thoraco-abdominal traumas. The average age was 31.69 years
with a standard deviation of 13.8 and extremes of 14 and 78 years. Predominant
gender was male with 35 cases (76.1%); sex ratio was 3.2.

The main circumstances of injuries were criminal attacks in 33 cases (71.74%)
and TRA in 9 cases (19.57%) (Table 1). The main mechanism was penetrating
stab wounds for 26 patients (56.5%). Mechanisms of injuries are reported in Ta-
ble 2.

The transport means used was non-medical ambulance in 31 cases (67.4%)
and improvised means in 15 cases (32.6%). Twenty-six patients (56.5%) were
admitted to the emergency room within six hours after the trauma.

The functional signs found were abdominal or thoracic pain in 43 cases (93.5%),
dyspnea in 15 cases (32.2%), vomiting in 2 cases (4.3%). The WHO performance
index was rated I in 17 cases (37%), II in 26 cases (56.5%) and III in 3 cases
(6.5%). Hemodynamic instability was present in 21 patients (45.6%).

On physical examination, wall injury was thoracic in 21 cases (45.7%), abdo-
minal in 19 cases (41.3%); thoraco-abdominal in 6 cases (13%). The other physi-
cal signs are reported in Table 3.

Abdominal plain X-ray was performed in 7 patients and revealed a pneumo-
peritoneum in 4 cases. Chest X-ray, performed in 15 patients, revealed an intra-
thoracic gas bubble (4 cases) and hemothorax (6 cases). CT-scan was performed
in 4 patients and revealed herniated abdominal viscera in the thorax in all pa-
tients (Figure 1 and Figure 2). Abdominal ultrasound was performed in 11 pa-
tients; it showed abdominal fluid effusion in 9 patients. On biology, the hemog-
lobin level was less than 8g/dL in 19 patients (41.3%).

Table 1. Circumstances of injuries.

Circumstance of injuries Effective Percentage
Attacks 33 71.74
TRA 9 19.57
Fall from height 2 4.35
Landslide 1 2.17
Goring 1 2.17
Total 46 100

Table 2. Mechanisms of TDI.

Mechanisms of injuries Effective Percentage
Stab wound 26 56.5
Penetrating Gunshot wound 7 15.2
Other 3 6.6
Blunt 10 21.7
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Table 3. Physical examination signs.

Physical signs Effective Percentage
Thoracic wall injury 21 45.7
Abdominal wall injury 19 41.3
Thoraco-abdominal wall injury 6 13
Abdominal defense 20 435
Abdominal contracture 6 13
Evisceration 13 28.3
Rectal pain 7 15.2
Abolition of breath sounds 7 15.2
Chest dullness 2 4.3

(a)
Figure 1. CT-scan axial (a) and left sagittal (b) sections showing a large gas bubble with
air-fluid level (*) corresponding to a left side TDI with diaphragmatic gastric hernia in a
patient at Gabriel Toure University Hospital.

Figure 2. CT-scan: axial section (a) showing multiple left side intrathoracic air bubbles
(*); coronal section (b) showing bowel herniation in the left thorax pushing up the lung
(arrow) corresponding to a left side RTI in a patient at Gabriel Toure University Hospital.
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The diagnosis of TDI was made preoperatively in 10 patients (21.7%) and
intraoperatively in 36 patients (78.3%). The diaphragmatic breach was located
on the left side in 30 cases (65.2%) (Figure 3) and on the right side in 16 cases
(34.8%). The diaphragmatic injury was single in 43 cases (93.5%), double in 3
cases (6.5%). The average size of the injury was 3.17 cm with extremes of 1 cm
and 10 cm. TDI was associated with other injuries in 69.6% (Table 4). A diaph-
ragmatic hernia was found in 7 cases (15.2%).

Figure 3. Intraoperative image of left side TDI in a patient at Gabriel Toure University
Hospital.

Table 4. Associated lesions and procedures performed.

Associated lesions Effectif Procedures Effectif
Stomach 6 Suture 6
Liver 11 Raphy 9
Packing 1
Cholecystectomy 1
Colon 5 Suture 4
Resection-anastomosis 1
Spleen 4 Splenectomy 3
Raphy 1
Jejunum 3 Suture 1
Resection-anastomosis 2
Kidney 2 Any 2
Mesentery 2 Suture 2
Pancreas 1 Any 1
Duodenum 1 Suture 1
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Blood transfusion was performed in 14 cases (30.4%). Anti-tetanus prevention
was carried out in 31 cases (66.7%). The surgical approach was laparotomy in 41
cases (89.1%), thoracotomy in 2 cases (4.4%) or both in 3 cases (6.5%). Diaphrag-
matic injuries were repaired with separated non-absorbable sutures in 38 cases
(82.6%) and absorbable sutures in 8 cases (17.4%). The chest tube drainage was
performed in 34 cases (73.9%) with an average duration of 9 days and extremes
of 4 and 15 days. The treatment of associated injuries is reported in Table 4.

The average length of hospital stay was 9.8 days with a standard deviation of
5.70 and extremes of 4 and 27 days. The in-hospital outcomes were simple in 37
cases (80.4%). The immediate complications were postoperative peritonitis (1
case), digestive fistula (2 cases), pleurisy (2 cases) and death (4 cases). At one
month, the outcomes were simple in 39 cases (92.9%); mortality was 13.04%. All
deaths occurred in patient with polytrauma and hemodynamic instability. One

patient presented with a recurrence of hemopneumothorax.

4. Discussion

Traumatic diaphragmatic injuries, whether secondary to penetrating or blunt
trauma, are rare. They represented 0.8% to 5% of abdominal and/or thoracic
traumas in the series of the literature [5-13]. The frequency of TDIs is increasing
in our department since it was 3.7% in a previous study (1999-2015) [4] versus
5.5% in our study.

TDI occurs most often in young adults as with all trauma. Moreover, the male
gender predominates [6] [8] [10]-[15]. The young man represents the social stra-
tum most exposed to trauma because of his way of life [6].

The circumstances and mechanisms of TDI vary by geographic region. In Eu-
rope [1] [14] [15], blunt trauma following TRA is predominant, while in North
America, penetrating wounds from gunshot are more frequent [2] [16]. In Afri-
can series, penetrating stab wounds are the leading mechanism [6] [10] [11]
[12]. This predominance was observed in our study (56.5%) and would be linked
to the increase in crime and the proliferation of light weapons.

The diagnosis of TDI is difficult and is made in three circumstances: early
preoperatively facilitated by imaging, very often intraoperatively during surgical
exploration or, more rarely, late a few days to several years after trauma.

Due to its rarity, its non-specific signs and the polytrauma context, the asso-
ciated lesions occupy the foreground and often conceal the diaphragmatic lesion.
For these reasons, the diagnosis is made preoperatively in less than half of pa-
tients [2] [6] [10] [11] [12]. This preoperative diagnosis is facilitated by carrying
out the abdomino-thoracic CT-scan which is the reference examination and whose
sensitivity ranges between 33% and 83%, and specificity between 76% and 100% [1]
[12]. However, CT-scan is only performed in a hemodynamically stable or stabi-
lized patient. Chest X-ray, although less effective than CT-scan, is a sensitive diag-
nostic tool for demonstrating herniation of abdominal viscera in the chest or the
ascent of a diaphragmatic dome [8] [10] [13]. MRI is a powerful tool, but its use

is limited in emergencies [2].
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Most of our cases were diagnosed intraoperatively (78.3%) due to the systematic
indication of exploratory surgery in case of penetrating thoraco-abdominal wounds
or in the event of hemodynamic instability.

Classically, the left dome of the diaphragm is the most frequently injured in
the literature [1] [2] [6] [8] [10] [11] [13]. This predominance of the left side in-
jury was found in our study (65.2%). This can be explained by the protective ef-
fect of the liver on the right hemi-diaphragm [5] [6] [8].

The passage of the abdominal viscera into the thorax during RTIs is not con-
stant (15.2% in our study). The most common herniated viscera are the stomach,
small and large bowels. In rare cases, the liver and spleen are involved [2] [17].
The herniated viscera in our study were the same as those reported in several se-
ries in the literature [6] [10] [11].

Diaphragmatic injuries are rarely isolated; it is most often a polytrauma [2] [5]
[6] [9] [13]. In our study, the associated intra-abdominal lesions mainly concerned:
the liver, the stomach, the spleen, the hail, the colon. Injuries were also encountered
in the pancreas and the kidney. This observation is identical to those reported in
the literature [5] [6] [12] [17].

Treatment of TDIs is surgical. Laparotomy is the primary emergency approach;
because of the high frequency of associated abdominal injuries and the fact that
it allows a complete exploration of the abdominal cavity [2] [7]. However, the
type of associated thoracic and/or abdominal injuries most often justifies the
choice of approach. Thoracotomy is more indicated in the right locations of the
diaphragmatic injury because of the difficulty generated by hepatic interposition
[2]. The minimally invasive approach (laparoscopy, thoracoscopy) has a limited
indication and is feasible in hemodynamically stable patients, with isolated di-
aphragmatic injury [2] [8] [16]. In our study, we performed 41 cases of laparotomy
(89%); we did not first perform minimally invasive for material reasons.

After reduction of the herniated viscera, the diaphragmatic wound is repaired
with separated non-absorbable sutures. Closure of a major diaphragmatic defect
may require placement of a non-absorbable mesh [2].

The chest tube drain is inserted but can be removed as soon as lung expansion
is obtained in the absence of lung parenchymal injury [2]. A chest tube drain
was inserted in 73.9% of our patients for an average duration of 9 days.

Mortality is multifactorial but the prognosis depends above all on the severity
of the associated injuries [5] [8] [13]. This mortality would also be higher during
contusions compared to penetrating trauma [3] [16]. The mortality in our study
(13.04%) is comparable to those reported in the literature (5% to 23%) [3] [4] [6]
(8] [10] [18].

The authors admit limitations to the study due to the retrospective nature, in

particular the lack of details about some diagnostic and therapeutic aspects.

5. Conclusion

Traumatic diaphragmatic injury is rare, but its frequency is increasing in our

country. It most often affects the young man victim of attack or TRA. This type
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of trauma is rarely isolated; you have to think about it in case of any thora-
co-abdominal trauma. The treatment is surgical. The prognosis depends on the

severity of the associated injuries.
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